Premised on Web 2.0 technology, the current study investigated the effect of facilitating critical thinking using the Collaborative Questioning, Reading, Answering, and Checking (C-QRAC) collaboration script on university students' science reading literacy in flipped learning conditions. Participants were 85 Taiwanese university students recruited from two introductory educational psychology courses. Groups were formed by affinity grouping and were randomly assigned to collaborative learning conditions with or without C-QRAC script support. Both groups received direct introduction to critical thinking and were given the assigned reading before class. Results of the study showed that direct instruction on critical thinking may have an immediate effect on science reading literacy for both groups. Moreover, the effect of the C-QRAC collaboration script was contingent upon time, gender moderation, and test formats. Students who followed the C-QRAC script performed better on the delayed advanced multiple-choice items than those in the control group. Further, the C-QRAC script helped eliminate the gender gap in immediate and delayed total MC. But in delayed basic MC, males demonstrated higher scores than females. Higher prior knowledge predicted better scores on delayed basic MC as well as immediate and delayed constructed-response items. The findings imply that providing structure for university students in the flipped collaborative science reading had a sustained effect on their learning such that they were more likely to think about the questions discussed with partners, to try to find the answers to the questions, to discuss findings in the reading content with friends, or to reread the shared online note or article. As a result, we suggest use of the C-QRAC collaboration script to facilitate students' critical thinking and enhance their self-directed learning in flipped learning conditions. ARTICLE HISTORY
focused on critical thinking as an important component of the development of scientific literacy (Vieira & Tenreiro-Vieira, 2016) and consider it an important skill in assessing the objectivity and validity in science literature (Jurecki & Wander, 2012) . Specifically, critical thinking is a higher-order thinking skill (Halpern, 2002) defined as "purposeful, self-regulatory judgment which results in interpretation, analysis, evaluation, and inference, as well as explanation of the evidential, conceptual, methodological, criteriological, or contextual considerations upon which that judgment is based" (Facione, 1990, p. 2) . Indeed, many researchers consider critical thinking the ideal goal of education (Bailin, Case, Coombs, & Daniels, 1999 ) and a fundamental component in science education (Bailin, 2002) .
According to Organisation for Economic Co-operation and Development [OECD] (2016) "Scientific Literacy is the ability to engage with science-related issues, and with the ideas of science, as a reflective citizen" (p. 22), which involves the competences to (1) explain phenomena scientifically, (2) evaluate and design science enquiry, and (3) interpret data and evidence scientifically. When critical thinking is applied to science learning, a scientifically literate individual can be observed in a variety of ways such as reading science materials in the popular press and being involved in discussions about the validity of the results, evaluating sources of information and methods that generate it, formulating and evaluating arguments based on evidence, and properly drawing conclusions from the information at hand (National Research Council, 1996) . Nevertheless, university students may fail to critically consume expository science texts due to a lack of prior knowledge about the topic (Ozuru, Dempsey, & McNamara, 2009) or lack of interest in reading science texts (Evans, Schweingruber, & Stevenson, 2002) . In this study, we used critical thinking as the underlying approach to reading expository science texts. Besides introducing and modeling critical thinking in reading an expository science text for participants, we provided a procedure to facilitate critical thinking using the Collaborative Questioning, Reading, Answering, and Checking (i.e. C-QRAC) collaboration script and to help students familiar with reading expository science texts with ICT supports under the flipped learning framework.
Flipped learning is a new paradigm of learning prompted by the difficulty of engaging students in lecture-based classrooms and challenges related to motivating them to actively construct knowledge. In a flipped classroom, the instructor's lecturing time is reduced to a minimum whereas activities designed to activate critical thinking through peer collaboration take up most of the class time (Herreid & Schiller, 2013) . By moving the basic-level knowledge delivery to outside of the classroom (e.g. previewing instructional videos or previewing the assigned material with self-monitoring questions), the enrichment activities inside the classroom allow students to collaborate, communicate, and critically examine available information. Previewing the assigned material may constitute the prior knowledge students need in order to come to class prepared for activities that can expand their knowledge. Nevertheless, effective peer collaboration may not succeed without a well-functioning internal collaborative working model or explicit scaffolds such as a collaboration script (Weinberger, Ertl, Fischer, & Mandl, 2005) . Lee (2015) applied the C-QRAC collaboration script to promote college students' critical thinking in computer-mediated collaborative science reading. She found that the C-QRAC collaboration script was helpful to enhance students' higher-order thinking, as reflected in the improvement of female students in advanced multiple-choice items and male students in constructed response items.
Although the C-QRAC collaboration script seems promising, it has not been tested in face-to-face ICT-supported flipped learning conditions. Moreover, the effects of prior knowledge in flipped learning and the C-QRAC follow-up effect has not been systematically examined. The current study was conducted to fill this void in the literature.
Study purposes and research questions
Although students are autonomous and responsible for their learning in flipped classrooms, structures are needed to ensure effective learning and peer collaboration (Wanner & Palmer, 2015) .
Therefore, this study offered a structure to help students to collaborate and learn using the C-QRAC collaboration script with ICT supports in flipped learning conditions. In addition to the immediate test, a one-week delayed test was included to investigate the follow-up effect of the script.
The research questions for the study were as follows:
(1) What is the effect of facilitating critical thinking using the C-QRAC collaboration script on immediate and delayed science reading literacy in collaborative learning with ICT supports in flipped learning conditions? (2) What are the within-subject effects of time and between-subject effects of the C-QRAC and gender on science reading literacy in collaborative learning with ICT supports in flipped learning conditions controlling for prior knowledge?
Below we review the literature on the use of collaboration scripts and the effect of gender and prior knowledge on science learning.
Use of collaboration scripts for collaborative learning
Based on the script theory of guidance (Fischer, Kollar, Stegmann, & Wecker, 2013) , collaboration scripts are scaffolds designed to support computer-supported collaborative learning (CSCL). Research has shown that collaboration scripts facilitate student collaboration as well as collaboration outcomes. Scheuer, McLaren, Weinberger, and Niebuhr (2014) employed collaboration scripts in conjunction with a visual display of arguments with diagrams on climate ethnics. Results showed that students engaged in more elaborative arguments and demonstrated a more positive attitude in their argumentation learning. Moreover, collaboration script enhanced input seeking and social interaction among culturally diverse dyads and led to more contributing activities and better quality of discussion among same-culture dyads (Popov, Biemans, Brinkman, Kuznetsov, & Mulder, 2013) .
Adapted from QRAC-the-Code reading strategy (Berkeley & Riccomini, 2013) , the current C-QRAC collaboration script provided five essential components for collaboration (Kollar, Fischer, & Hesse, 2006) , including (1) the learning objective to complete a shared study note, (2) the activities to incorporate reciprocal questioning, group discussion, independent reading, and comprehension monitoring, (3) the sequencing of the above activities, and (4) the role distribution of each student, using (5) the mode of a graphical presentation.
Students in the C-QRAC condition received a graphical display of the collaboration content and process (see Figure 1 : the critical thinking infused C-QRAC task). The questioning, answering, and checking steps may be regarded as metacognitive prompts that enhance comprehension (King, 1989 (King, , 1991 and promote higher-order cognitive processing such as critical thinking, decision making, and problem solving (King, 2002) . In particular, questioning helps science-content learning by driving in-class or textual investigation, establishing the reading goal to guide comprehension of the written material, and engaging students in scientific inquiry (Krajcik & Sutherland, 2010) .
The C-QRAC collaboration script includes well-balanced collaborative and independent work. Individual preparation allows students to develop their own reasoning before being influenced by others and is crucial for successful collaboration (Rummel & Spada, 2005; Scheuer et al., 2014) . The Questioning step starts by each student asking questions reciprocally based on the headings and subheadings of the article, whereupon students determine the question list through mutual discussion. In the Reading step, students read the article independently. Next, in the Answering step, students answer the questions raised in the Questioning step by providing their own opinions, giving feedback to partners' ideas, resolving doubts, and completing a study note. Finally, in the Checking step, students check if they can answer the questions collaboratively and edit the study note as necessary.
In this study, both the experimental and the control groups received an introduction to critical thinking before the learning task and were encouraged to read the science article critically and complete a study note collaboratively. However, only the C-QRAC group was supported with the C-QRAC collaboration script.
Effect of prior knowledge and gender on scientific literacy
Prior knowledge serves as the inherent knowledge base for reading scientific texts. Empirical research showed that prior knowledge in biology predicted higher scores in the overall comprehension (Ozuru et al., 2009 ). Rupley and Slough (2010) proposed that building prior knowledge by introducing scientific terms (vocabulary) creates a hook for science learning because vocabulary knowledge may enrich the conceptual representation of science texts. Students with sufficient prior knowledge in a specific scientific topic can start their reading with a top-down process to enhance their comprehension by making predictions or asking questions. The top-down approach facilitates the search for the wanted information and inhibits the unwanted (Kintsch, 2005) . Those with poor prior knowledge, however, usually resort to a bottom-up reading approach by unraveling the surface code and are unaware of the advantage of prior knowledge (Yore, Bisanz, & Hand, 2003) . Based on the previous research, prior knowledge plays an important role in the reading process and influences the comprehension of science texts. Therefore, we tested how prior knowledge interacted with the intervention of the C-QRAC collaboration script on science reading literacy.
Besides prior knowledge, gender also plays a critical role in students' scientific literacy. Surveying more than 3000 eleventh graders in the United States, Taiwan, and Japan, Evans et al. (2002) found that boys demonstrated higher interest in science and better scientific literacy. An analysis of data from the Programme for International Student Assessment (PISA) in Hong Kong showed that boys and girls did not differ in their overall scientific literacy (Yip, Chiu, & Ho, 2004) . However, boys scored higher than girls in the upper quartile and in the closed items that were concerned with understanding basic concepts while girls scored higher in other test components such as recognizing questions and identifying evidence. Gender differences in science learning continue into postsecondary education. Surveying more than 5000 college students in 23 large introductory biology classes, Eddy, Brownell, and Wenderoth (2014) observed a gender gap in the achievement of biology, with performance favoring boys. However, with appropriate intervention, the gender achievement gap may be alleviated. For example, through the use of interactive engagement methods to facilitate collaboration and reduce competition, university students' preinstructional gender gap in physics was no longer present by the end of the semester (Lorenzo, Crouch, & Mazur, 2006) .
The literature review documented the gender effect on science performance. Nevertheless, the differential pattern is conditional upon intervention and test format. Therefore, we examined university students' science reading literacy and tested whether the C-QRAC collaboration script had effects on different formats of the science reading literacy tests for female and male university students.
Method

Participants and experimental design
Participants were 85 Taiwanese university students (71.8% female, mean age = 21.13, SD = 4.02) recruited from two applied psychology courses. Students agreed to participate in the experiment by signing a consent form in return for partial credit toward their course grade. Groups were randomly assigned to collaborative learning conditions with or without C-QRAC support using affinity grouping (Zurita, Nussbaum, & Salinas, 2005) . The control group consisted of 35 students with 8 four-member groups and 1 three-member group; the experimental group consisted of 50 students with 10 four-member groups and 2 five-member groups. There was no statistically significant relationship between students' gender and experimental/control status, Pearson chi-square (1) = .003, p = .954.
Use of google document for collaboration
Google Docs was used for online collaboration. Google Docs enable students to edit a document in real time and to chat and comment for better communication. Another reason we used Google Docs was to introduce students to a collaboration tool that is easily accessible at no charge. All students possessed a smartphone to access the google document for editing the study notes.
Procedures
For both the experimental and the control groups, the procedure and time allocated for each group were the same. As shown in Figure 1 , students received an introduction to critical thinking session (100 min) one week prior to the experiment session (Week 1) and were assigned to preview the chapter on memory and learning covering contents on the human brain and information processing. At the beginning of the experiment (Week 2), students took a 10-minute pretest on the assigned reading consisting of 10 multiple-choice items. Then they received a Google Docs training session (20 min) and proceeded to the collaborative learning session (60 min), followed by a 10-minute break. After the break, students took the immediate science reading literacy test (30 min). At the start of Week 3, they took the delayed test and the follow-up attitude survey (30 min).
Materials
The expository science text was an article from the Chinese version of Scientific American, entitled "Perchance to Prune" (Tononi & Cirelli, 2013) . The article was 5688 Chinese characters in length. According to Sun, Morita, and Stark (1985) , native college students can read Chinese at a speed of 580 characters/min. Therefore, it took 9.8 min to read the article. As a result, students had sufficient time to read and complete a study note with their partners within the 60-minute learning session.
Measuring science reading literacy
We assessed students' science reading literacy using 24 multiple-choice (MC) items and 4 constructed-response (CR) items. The assessment was administered immediately after the end of the experiment and again one week after the experiment to investigate the effect of retention against the positive and negative effects of testing (Fazio, Agarwal, Marsh, & Roediger, 2010) .
Nine items required students to directly access and locate information in the text, which was at the basic level of reading (basic MC). A sample question was "How much energy of the body was consumed by the brain?" Fifteen advanced MC items required critical thinking to integrate and interpret information across passages, analyze and make inferences, evaluate and provide evidence, and critically compare and contrast information within or beyond the texts. Sample questions were "What might happen to the human body if synaptic homeostasis hypothesis does not hold? (evaluate and reflect)?" Students received 1 point for each correct response on the MC items. The highest possible scores for the basic MC, advanced MC, and total MC (i.e. the sum of basic and advanced item scores) were 9, 15, and 24, respectively.
The CR items required students to explain or evaluate a real-world problem by providing evidence from the text or from their own experiences. For example, "Do you think it is necessary to prune the synapses? Use the information in the article to support your argument." Rating on the CR questions was determined by the correctness and relevance of the arguments with a possible range from 0 to 5 points for each question. Thus, the highest possible scores for the CR items were 20. Two research assistants independently rated the CR responses for all observations. The interrater reliability was .96 using intraclass correlation with absolute agreement (Shrout & Fleiss, 1979) .
Assessment of prior knowledge
Assessment of prior knowledge consisted of 10 multiple-choice items covering the areas and functions of human brain associated with memory and learning. The pretest was used to assess students' preparedness in flipped learning and as the covariate to control for the unequal initial status on prior knowledge.
The follow-up attitude survey
Students answered five questions one week after the collaborative learning session. The questions asked the degree of agreement (1 = extreme disagreement and 5 = extreme agreement) on the reflection and studying of the article the following week. The exploratory factor analysis on the five questions exhibited an underlying factor of "the after-class study," with factor loadings ranging from .601 to .871 and a variance explained of 46%.
Data analysis
Descriptive statistics as well as independent-and paired-samples t-tests were calculated on the measured variables for the C-QRAC and control group.
Further, mixed-design repeated-measures analysis of variances (RM-ANOVA) was conducted to investigate the effect of time (the within-subject factor: immediate and delayed tests) as well as the effects of two between-subject factors, C-QRAC (coded 1 for C-QRAC and 0 for control) and male (coded 1 for male and 0 for female) on students' science reading literacy controlling for their prior knowledge on neuroscience. Based on the level of critical thinking, students' science reading literacy was categorized into total MC, basic MC, advanced MC, and CR items. Therefore, results of the four RM-ANOVAs were reported to evaluate the effect of C-QRAC on different levels of science reading literacy.
Results
The effect of the C-QRAC collaboration script on immediate and delayed science reading literacy Table 1 presents the descriptive statistics and results of independent-samples t-tests on measures of science reading literacy for the C-QRAC and the control groups. The C-QRAC group performed better than the control group in delayed total MC (M C-QRAC = 11.58, M control = 9.63, t = 2.07, p = .044), delayed advanced MC (M C-QRAC = 7.76, M control = 6.11, t = 2.43, p = .019), and delayed CR (M C-QRAC = 4.78, M control = 2.34, t = 2.57, p = .012).
Results for the paired-samples t-tests showed that the C-QRAC group scored higher on delayed total MC and delayed basic MC than on the immediate tests (M ImTotal = 9.78, M DeTotal = 11.58, t = −4.47, df = 49, p < .01; M ImBaMC = 1.82, M DeBaMC = 3.82, t = −9.27, df = 49, p < .01). Students in the control group also obtained an increase in delayed basic MC (M ImBaMC = 1.91, M DeBaMC = 3.51, t = −4.31, df = 34, p < .01). However, their scores on advanced MC dropped in the delayed test (M ImAdMC = 7.66, M DeADMC = 6.11, t = 2.23, df = 34, p = .03). In contrast, students in the C-QRAC condition did not score differently on immediate and delayed advanced MC scores (M ImAdMC = 7.96, M DeADMC = 7.76, t = 0.67, df = 49, p = .50).
Moreover, the independent-samples t-tests on the composite scores of the follow-up attitude survey revealed a significantly higher rating for students in the C-QRAC group (M C-QRAC = 3.36, M CONTROL = 2.86, t = 1.97, df = 37, p = .05). Note: Variables with an "Im" prefix were immediate tests while those with a "De" prefix were delayed tests, e.g. ImTotal = immediate total MC scores and DeTotal = delayed total MC scores. The effects of time and the C-QRAC intervention on science reading literacy controlling for gender and prior knowledge
Results of RM-ANOVAs were shown in Tables 2-5. The assumption of equality of error variances held for all the science reading literacy measures (p > .05). Moreover, the assumption of sphericity that variances and correlations among repeated measures are equal also held for repeated measures that have only two levels (Mauchly's W = 1). For the total MC, only the between-subject interaction effect between male and C-QRAC was statistically significant, F = 4.553, p = .036). As shown in Figure 2 , male students performed significantly better than female students in the control group for immediate total MC (M male = 11.2, M female = 8.92, t = 2.37, df = 33, p = .024), while there was no statistical mean difference in immediate total MC for male and female students in the C-QRAC group (M male = 9.07, M female = 10.06, t = 1.21, df = 48, p = .233). For delayed total MC, a statistically significant mean difference was found between females in the C-QRAC and control group (M C-QRAC = 11.39, M control = 8.96, t = 2.29, df = 59, p = .026).
For basic MC, the male between-subject factor and two within-subject interaction effects, including time by male and time by prior knowledge, were statistically significant. As shown in Figure 3 , males performed significantly better than females in the delayed basic MC (M male = 4.42, M female = 3.41, t = 2.61, df = 83, p = .011). Both males and females performed better in the delayed basic MC than in the immediate basic MC (M ImBaMC = 1.85, M DeBaMC = 3.41, t = −6.75, df = 60, p < .001 for males; M ImBaMC = 1.87, M DeBaMC = 4.42, t = −7.14, df = 23, p < .001 for females). The significant timeby-prior-knowledge interaction effect suggested that the effect of prior knowledge was different for immediate basic MC and delayed basic MC. That is, prior knowledge about neuroscience was predictive of delayed basic MC but not of immediate basic MC. For advanced MC, the time within-subject factor and the time by C-QRAC interaction effect were statistically significant. On average, students performed better on the immediate advanced MC than the delayed advanced MC (M ImAdMC = 7.84, M DeAdMC = 7.08, t = 2.22, df = 84, p = .029). The drop in the delayed advanced MC from the control group may account for the difference. As shown in Figure 4 , students in the C-QRAC group performed significantly better than the control group on the delayed advanced MC (M C-QRAC = 7.76, M control = 6.11, t = 2.43, df = 83, p = .019) while the two groups did not differ in the immediate advanced MC (M C-QRAC = 7.96, M control = 7.66, t = .662, df = 83, p = .510). For CR responses, the prior knowledge between-subject factor and the time within-subject factor were statistically significant. That is, better prior knowledge predicted higher immediate and delayed CR responses. Students performed better on the immediate CR than the delayed CR (M DeCR = 3.75, M ImCR = 5.75, t = 5.01, df = 78, p < .01).
Discussion
This study investigated the use of the C-QRAC collaboration script to enhance students' critical thinking in science reading literacy. The strengths of this study include the application of a quasi-experimental design to investigate the effect of facilitating critical thinking using the C-QRAC on immediate and delayed science reading literacy as well as the inclusion of gender and prior knowledge as the moderator and covariate. Results of the study provide new perspectives and considerations in the design of flipped learning classrooms to facilitate critical thinking in science learning with ICT.
Regarding the first research question about the effect of C-QRAC collaboration script, we found that students in the C-QRAC group performed better than students in the control group on delayed total MC, delayed advanced MC, and delayed CR. No differential effect of treatment was found in any of the immediate measures. This result is different from that of Lee (2015) , who found a difference in immediate science reading literacy between the C-QRAC group and the control group. The inconsistent results may be explained by differences in the class conditions. First, the length of the introduction to critical thinking session was 50 min in Lee (2015) preceding the major experiment, whereas it was doubled in the current study followed by the major experiment in one week, thereby allowing more time for students to practice the use of critical thinking. Second, the experiment in Lee (2015) was completely computer-mediated without instructor facilitation whereas students in the current study met face-to-face with instructor facilitation. For both the control and C-QRAC groups in the current study, the instructor served as facilitator. Besides providing technological supports for document editing, the instructor discussed the reading content with students per their request. That is, the instructor discussed with students their questions by including more critical thinking perspectives. For example, a student asked why pruning synapses can enhance memory (a concept contradicting the student's prior knowledge). The instructor asked the student to think about what might happen if there is no pruning mechanism in the brain. No direct answer was given. Therefore, the effect of instructor facilitation may be reflected in the insignificant mean difference on the immediate posttest. Nevertheless, collaboration was observed mainly among the peers; students from both groups asked the instructor about 2-3 questions.
The effect of C-QRAC may materialize with time as indexed in the significant mean differences between the two groups on the delayed tests. In the control condition, although critical thinking was encouraged, each of the students might focus on what he or she thought was important to put in the study note without sufficient collaboration. However, in the C-QRAC condition, explicit instructions were given for students to follow the C-QRAC collaboration script so that they proposed their own questions reciprocally, discussed and defended their answers to the questions, and provided feedback to partners' questions and answers to complete their study note. The inference can be supported by the differential formats of the study notes taken by the two groups. As shown in Figure 5 , the study note by the experimental group was initiated by and centered around the critical thinking questions while the study note by the control group was presented linearly. It is likely that the effect of the C-QRAC intervention persisted in the following week so that students constantly reflected upon the questions and answers provided by themselves or their partners in the collaborative learning. The higher ratings in the follow-up attitude survey for the C-QRAC group confirmed our speculation. Results of the follow-up survey also suggested the C-QRAC script enhance students' attitude toward science reading.
Regarding the second research question about the effects of time and the C-QRAC script on science reading literacy controlling for gender and prior knowledge, findings of the RM-ANOVA on the total MC scores revealed that the C-QRAC collaboration script helped eliminate the gender Figure 5 . Screenshots of sample students' notes on the smartphones (Left: C-QRAC, Right: control). gap in delayed total MC. Gender differences in science reading literacy may originate from an entangled complexity. Gender disparity in class engagement may be key to the differential learning outcomes. Lane, Goh, and Driver-Linn (2012) revealed an implicit science stereotype where men associated science with their own gender whereas women did not. This implicit science stereotype may reflect the belief that females think they are not cut out for science and, therefore, participate less in class. Indeed, Eddy et al. (2014) found that besides the achievement gap, responding to instructor-posed questions occurred less often for female students than for male students, even if female students were overrepresented in the classroom. Tanner (2013) claimed that structure matters in promoting gender equity and student engagement in science learning. Thus, providing opportunities for students to think, write, and share in small groups was among the strategies found to help build structure (Tanner, 2013) . Therefore, the current study used the C-QRAC collaboration script as structure to foster student interaction with partners or the instructor in small groups. The finding that females in the C-QRAC condition outscored their counterparts in the control condition suggested that the C-QRAC collaboration script is helpful for enhancing female university students' science reading literacy.
Although the C-QRAC eliminated the gender gap in the delayed total MC scores, males and students with better prior knowledge scored higher in delayed basic MC. This result is consistent with the findings of a study by Yip et al. (2004) where male students outperformed female students in the understanding of basic concepts. Moreover, students with better prior knowledge in neuroscience performed better in delayed basic MC. Findings of the current study are consistent with the literature that prior knowledge facilitates encoding via integrating information into the long-term memory (Brod, Werkle-Bergner, & Shing, 2013) so that students with better prior knowledge performed better in the delayed basic MC.
The significant time by C-QRAC interaction effect provides additional evidence that the effect of C-QRAC collaboration script may materialize on delayed advanced MC. Results of the follow-up attitude survey coincided with the above findings. Students in the C-QRAC condition were more likely to discuss/share the article with friends, reread the article, or try to answer questions raised in the discussion the following week and, as a result, their science reading literacy continued to improve. Though students in the control group obtained an increase in delayed basic MC as those in the C-QRAC group did, their scores on advanced MC dropped in the delayed test. In contrast, students in the C-QRAC condition did not score differently on immediate and delayed advanced MC scores. These findings indicate that, beyond prior knowledge and gender, providing structure for students to critically question, read, and collaborate on the answer with comprehension monitoring was beneficial for enhancing university students' critical thinking on science reading literacy.
Limitation and conclusion
Although the study findings are promising for guiding face-to-face collaborative learning with ICT support in flipped learning conditions, they should be interpreted in light of limitations. First, students collaborated on the shared study note using Google Docs in face-to-face conditions and thus did not need to chat online. As a result, little is known regarding their process of collaboration. Second, though the interaction was mainly among peers, the instructor could facilitate students' inclass learning in both conditions, which may enhance student performance. Future research can videotape student collaboration and instructor facilitation for more detailed analysis.
The study employed the C-QRAC collaboration script to activate the process of critical thinking with follow-up metacognitive steps for comprehension monitoring in reading an expository science text. The script was designed for students to help each other become self-directed learners rather than passively receive what the instructor delivers. We believe the goal of education is to enlighten students about the ways of thinking so that they can develop arguments and conclusions based on the flow of data from multiple sources and perspectives. As the trends in science education and communication call for "critical engagement rather than blind devotion" (Baram-Tsabari & Osborne, 2015, p. 138), greater importance is placed on fostering critical thinking in consuming the science informational texts. Findings of the current study suggest that the C-QRAC collaboration script can be applied in flipped learning classrooms for university students as a means to enhance their critical thinking.
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